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SOLID PHASE EXTRACTIOH OF TRIA2INES AND ORGANOPHOSPHOROUS 
COMPOUNDS FROM DRINKING WATER. 

W.G. Craig, J.M. Craig, and A.L. Masse, Paracel Laboratories 
Ltd., Nepean, Ontario, K2G 003 and CD. Hall, Laboratory Services 
Branch, Environment Ontario, Rexdale, ON, M9W 5L1. 

The objective of this work was to determine the 
feasibility of using solid phase extraction (SPE) for the 
analysis of organophosphorus compounds and triazines present in 
water. Current methodology involves the liquid liquid extraction 
(LLE) of the organophosphorous compounds at neutral pH using 
dichloromethane. A separate LLE using dichloromethane at pH 12 is 
necessary for the triazines. 

The LLE methodology is well established but suffers from 
the fact that the "wet chemistry- can not easily be automated. It 
is time consuming, requires extensive labour, and large amounts 
of expensive and toxic solvents. Our earlier work with the 
application of SPE to chlorophenols and phenoxyacid herbicides, 
and, also, to polyaromatic hydrocarbons showed that for these 
compounds SPE tended to have higher recoveries and lower standard 
deviations than LLE and led us to believe that SPE might also be 
applicable to triazines and organophosphorous compounds. 

The objective of this research was the development of a 
simple, rugged method that would be amenable to the eventual 
introduction of robotics and that would allow the simultaneous 
analysis of both triazines and organophosphorous compounds in 
drinking water. In the course of the project, parameters 
investigated included: 




1) The solid phase and eluting solvent. Phenyl, cyclohexyl, 
octadecyl and cyanopropyl phases and the three eluting solvents, 
methanol, hexane and ethyl acetate were evaluated. The best 
combination was the octadecyl phase using ethyl acetate as the 
eluting solvent. Elution with hexane gave low recoveries with all 
phases. Elution with either methanol or ethyl acetate gave poor 
recoveries with both the cyanopropyl and cyclohexyl phases, 
moderate recoveries with the phenyl phase, and highest recoveries 
with octadecyl packings. 

2) Colnus fro. different manufacturers. Octadecyl columns 
manufactured by Baker, Supelco, Waters, Analytichem and AUtech 
were tested using ethyl acetate as the eluting solvent. Under 
these particular conditions, the columns manufactured by AUtech 
exhibited lower recoveries than the others but the remaining four 
were comparable to each other. 

3) ConBlstency of recoveries. The recoveries over a one hundred 
fold range of analyte concentrations (e.g., from 50 to 5000 ng/L 
for atrazine and 20 to 2000 ng/L for parathion) were found to be 
consistent. 

4) Different aatrices. The recoveries from each of the natural 
waters; Verner raw water, Lakeview raw water, Ottawa city tap 
water, and a drilled rural well, and from one reference water 
(supplied by Dr. Brian Hollebone of Carleton University) were 
determined at pH 12. The recoveries were high for the triazines 
but much more variable for the organophosphorous compounds. Later 
work indicates that much of the variability for the 
organophosphorous compounds was due to the high pH. 
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5) Effect of pH. Recoveries were determined at both pH 7 and pH 
12. The triazines had high recoveries at both pHs whereas those 
of the organophosphorous compounds were much greater at pH 7. 

6) Effect of Storage. The stability of analytes at two 
''iffsrent concentrations adsorbed onto an octadecyl solid phase 
and stored for times of one day, one week, one, two and three 
months at room temperature prior to elution were investigated. 
The adsorbed triazines were stable over this time period whereas 
the recoveries of the organophosphorous compounds steadily 
decreased with time. For example, the percentage recoveries of 
atrazine, alachlor, diazinon and parathion decreased from 105, 
112, 101 and 103 following one day of storage to 86, 96, 45 and 
36 after three months of storage, respectively. 

7) Addition of methanol to the aqueous phase. It has been 
reported in the literature that the addition of ten percent 
methanol to the aqueous phase prior to extraction improves the 
recoveries of the triazines. Under our conditions, recoveries 
decreased slightly on the addition of methanol. 

8) Levels of interferences. When SPE is applied to the analysis 
of chlorophenols and phenoxyacid herbicides in water using an 
electron capture detector for quantitation, interferences are 
significant. Throughout the course of this work (which used a 
thermionic specific detector) interferences were not a 
significant problem, although an occasional low level 
interference with bladex was noted. 

9) Real samples. Fortified samples of Ottawa City Tap Water and 
Rideau River Raw Water at pH 7 were extracted and analyzed the 
same day. The results appear in Tables 1 and 2. 
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The parameters investigated during the course of this work 
led to the development of the following method for the SPE of 
triazlnes and organophosphorous compounds. 

Recommended Method ;tS£ ih& S£& St Triazines 
and Organophosphorous Compounds 

1. Determine the pH of the sample. If less than 7, increase the 
pH to 7 using 1 N potassium hydroxide solution. 

2. Condition 500 mg C-18 columns by passing an aliguot of 
methanol (5 mL), followed by distilled water <5 mL) at a moderate 
flow rate. Do not allowed the columns to dry out. 

3. Pass the sample (800 ml) through the column with vacuum 
assistance. Remove the vacuum from the apparatus following 
passage of the sample to prevent evaporative losses due to 
excessive air passage. 

4. Centrifuge the columns briefly to remove excess water. 

5. Slowly elute the analytes with 3 mL of ethyl acetate. 

6. Quantitate using a gas chromatograph eguipped with dual 
capillaries and thermionic specific detectors. 

Conclusions: 

Solid phase extraction allows the simultaneous 
determination of organophosphorous compounds and triazines in 
drinking waters. The method has consistent and high recoveries 
and low standard deviations, is rapid and easy to perform, and 
adsorbed triazines are stable for up to three months. 
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